The high-resolution Fourier transform spectrum of the DO 35 Cl molecule was recorded and analyzed in the region of the two lowest D-O overtone bands, 2ν 1 and 3ν 1 . Because of the presence of strong resonance interactions, the influence of the (130) state on the (200) state, and also that of the (221), (230) states on the (300) sate, was taken into account. Transitions belonging to the 2ν 1 and 3ν 1 bands were assigned up to J max. = 35 in both cases. The sets of spectroscopic parameters and resonance coefficients obtained from the fit reproduce the "experimental" rovibrational energies of the (200) and (300) 
INTRODUCTION
In this work we continue our study, Ref. (1), of the highresolution vibration-rotational spectra of the deuterated species of the HOCl molecule, which is of direct interest because of its important role in the balance of stratospheric ozone in polar regions (see, e.g., (2-4 and references therein)). The subject of the present analysis is the two unstudied overtone bands of the D-O stretching vibration 2ν 1 and 3ν 1 . Section 2 presents the experimental conditions of our study. Model of the Hamiltonian which was used in the theoretical analysis of experimental data is presented in Section 3. Sections 4 and 5 are devoted to the analysis and discussion of the spectra of the 2ν 1 and 3ν 1 bands, respectively.
EXPERIMENTAL DETAILS
The DOCl sample was prepared as described in Ref. (5) by substituting D 2 O for H 2 O. The spectra were recorded at room temperature with a Bruker IFS 120HR Fourier-transform interferometer (Hefei, China), which is equipped with a path length adjustable multipass gas cell. A CaF 2 beam splitter, a Globar source, and a liquid-nitrogen-cooled InSb detector were used. For the 2ν 1 band, the mixed sample gas pressure and absorption path length were 840 Pa and 87 m, respectively. The unapodized resolution was 0.01 cm −1 , and the Norton-Beer weak apodization function was used in the Fourier transform. The 1 To whom correspondence should be addressed.
line positions were calibrated with those of the H 2 O in the HITRAN 96 database. The accuracy of the unblended lines was estimated to be 0.001 cm −1 . For illustration, a part of the spectrum is presented in Fig. 1 . For the 3ν 1 band, the unapodized resolution was 0.015 cm −1 and the same apodization function as for the 2ν 1 band was also adopted. The mixed sample gas pressure 993 Pa and the absorption path length 69 m were used in the measurement. The line positions were calibrated with those of the H 2 O in the GEISA 97 database. The accuracy of the unblended not very weak lines was estimated to be 0.002 cm −1 . An overview and a small portion of the spectra of the 3ν 1 band are shown in Fig. 2 and Fig. 3 , respectively.
THEORETICAL BACKGROUND
Since the DOCl is a near prolate asymmetric top molecule with the C s type symmetry, all of its three vibrational coordinate are of the A type. So all the vibrational-rotational bands contain absorption lines arising from transitions of two types, a and b. However, as our further analysis will show, transitions of the a type are considerably stronger than those of the b type in the 2ν 1 and 3ν 1 bands. In this work, we were able to assign transitions of the a type in both bands.
To the contrary of the fundamental band ν 1 , Ref.
(1), which was exactly isolated from the other vibrational bands, both the 2ν 1 , and, especially, 3ν 1 bands show strongly perturbed rotational structures. For this reason, we used a Hamiltonian model which takes into account the resonance interactions in the analysis:
Here the diagonal operators H vv are the usual Watson's rotational operators in the A-reduction (6),
and the off-diagonal operators H vv (v = v ) account for the resonance interactions. As we have mentioned, three vibrational coordinates of DOCl molecule are transformed according to the totally symmetric irreducible representation of the C s group. As a consequence, all resonance interaction blocks have the similar form and should be written as the sum of two terms:
Here H 
In Eqs.
[2]- [5] the following notations are used:
α . It is necessary to explain here that why we may use the Areduction of the Hamiltonian [2] in spite of the fact that the difference (B -C) is very small [(B -C) ∼ 0.02 cm −1 ]. The answer is: As it follows the procedure of the construction of the effective Hamiltonian of an asymmetric top molecule, Ref. (6) (see also Ref. (7), where the problem of reduction of an effective Hamiltonian was discussed for an arbitrary polyatomic molecule), the possibility of using the A-reduction depends not only on the difference of the rotational constants B and C, but also on the values of the so-called parameters of ambiguity S pqr (see Ref. (6) for details). When an absolute value of the ratio S pqr /(B -C) is small, there is no reason to reject the very efficient Hamiltonian's A-reduction even for a molecule with a small value of the difference (B -C). The DOCl molecule just satisfies this condition. It can be understood, e.g., with the analysis of the quartic centrifugal distortion coefficients. As it follows with Eq.
[51] of Ref. (6), only one (namely, δ K ) of the five quartic centrifugal distortion coefficients depends on the S pqr /(B -C). It means that δ K (and/or related coefficients h K , etc.) can show the anomalous behavior when the A-reduction is used. However, as one can see, e.g., from Table 2 , the value of δ K is very small in comparison with the values of the parameters A, B, C and even the difference (B -C). In turn, the h-type coefficients are small in comparison with the related δ-type ones. All the above said allow one to make the conclusion that the A-reduction of the effective Hamiltonian is correct for the theoretical study of the DOCl molecule.
ANALYSIS OF THE 2ν 1 BAND
The recorded transitions were assigned using the ground state combination differences method, and the ground state rotational energies were calculated on the basis of the parameters taken from Ref. Table 1 . These upper energies were determined as the mean values of some energies obtained from different transitions which reach the same upper state. Column 3 of Table 1 presents the value which is the experimental uncertainty of the energy value, equal to one standard deviation in units of 10 −4 cm −1 . The is not quoted when the energy was obtained from only one transition.
At the next step of analysis, energies from Table 1 were fitted with the Hamiltonian model of an isolated vibrational state, Eq. [2] . It is interesting to mark that, if one omits all the energies with the value of K a = 6, the parameters presented in column 3 of Table 2 can be obtained from the fit and the initial values of energies can be reproduced with the accuracies closed to experimental uncertainties. For comparison, calculated values of the rotational parameters and centrifugal distortion coefficients, obtained from interpolation of the values of corresponding parameters of the (000) and (100) states from Ref. (1) , are presented in column 2 of Table 2 . One can maintain good correlations between the sets of parameters in columns 3 and those in column 2. This fact shows that the Hamiltonian of an isolated vibrational state is physically suitable for the description of the rovibrational energy levels with the value of quantum number K a ≤ 5. At the same time, if one uses the set of parameters from column 3 to predict the energies with the value K a = 6, then it will be found that all predicted energies E [J,K a =6,K c ] shift from corresponding experimental energies with 0.0060-0.0080 cm −1 . If one includes the energies E [J,K a =6,K c ] in the fit procedure and uses the same number of fitted parameters as in the previous case, it can be seen that the results of the fit will be considerably worse. The rms deviation will be over 2 times larger. Even when six extra parameters are added into the fit procedure (see column 4 of Table 2 ), the results will not be improved. This fact shows the presence of strong resonance perturbation of the rovibrational states
To make a conclusion of such accidental perturbations, we made rough estimations of the rovibrational structures of different vibrational states which can be presented in the spectral region near 5250 ± 300 cm −1 . The band centers were taken from (8) , and the values of rotational parameters and centrifugal distortion coefficients were estimated on the basis of the values of corresponding parameters of the (000), (100) Table 2 . Finally, the fit of all the energies from Table 1 with the Hamiltonian [1]- [5] leads to the set of parameters which are presented in column 5 of Table 2. Two interacting states were taken into account in the fit. The center of the ν 1 + 3ν 2 band and one of the Coriolis-type interaction parameters were also fitted. The value of the interaction parameter C yK was found to be −0.4759(507)×10 −3 cm −1 . The band center of ν 1 + 3ν 2 is presented in column 6 of Table 2 . It should be mentioned that this value, 5327.45(143) cm −1 , correlates very well with the result of the ab initio prediction, 5324.6 cm −1 , in Ref. (8).
THE 3ν 1 BAND
The 3ν 1 band is located in the shorter wavelength region 7670-7770 cm −1 , and, in accordance with the ab initio prediction, Ref. (8), it is about 30 times weaker than the 2ν 1 band. Fortunately, contrary to the 2ν 1 band, which is covered by the stronger bands ν 1 + ν 3 Table 4 . From that column, one can see that these parameters are close to the predicted values from column 2 of Table 4 , and E ex p. are the "experimental" energies from Table 3 . In order to illustrate this, Fig. 4 shows the plots of dependency of the -differences on the quantum number J for sets of energies 
gether with the other energies in the framework of the model of an isolated vibrational state leads to large change of the A and K parameters. So one can expect that the resonance interaction will be the Fermi-type one, and rovibrational states with equal values of the quantum number K a will have the strongest interaction. Concerning a band the rovibrational states of which would satisfy the conditions mentioned above, we made rough estimations of rovibrational structures of vibrational states those may be located closed to the 3ν 1 band. The initial vibrational parameters ω λ , x λµ , y λµν which are necessary for such rough estimates of the band centers were first calculated from the fit of band centers from the longer wavelength region. The rotational parameters and centrifugal quartic and sextic parameters of different vibrational states were estimated from the interpolations of corresponding parameters of the states (000), (100), (010), (020), (200), and (001) from Refs. (1, 8) and Section 3 of the present paper. As the result, we found that the most suitable vibrational state is the (221) one. The predicted values of the parameters of this state are shown in column 5 of Table 4 .
Then all the levels mentioned above were fitted in the framework of the Hamiltonian model, Eq. [1]- [5] , which took into account the Fermi-type resonance interactions between the states (300) and (221). As the result, we determined the set of seven fitted parameters which reproduced the initial energy values with the accuracies close to experimental uncertainties. The parameters obtained from this fit are shown in columns 4 and 5 of Table 4 and column 2 of Table 5 together with their 1σ statistical confidence intervals. It is interesting that the value 7701.120 cm −1 (see column 5 of Table 4 ) of the band center of 2ν 1 + 2ν 2 + ν 3 is very closed to the corresponding value 7704.9 cm −1 predicted from rough calculations discussed above.
The next step of the study was the analysis of the situation with the E [J,K a =2,K c =J −2] energy levels. It is interesting that both the model which takes into account the interactions between the states (300) and (221) and, moreover, the model of an isolated vibrational state do not give possibility to predict the values of the E [J,K a =2,K c =J −2] energies with a satisfactory accuracy. As an illustration, the curve III in Fig. 4 Table 4 and of column 2 of Table 5 . It should be noticed that even adding eight or nine extra parameters into the fit procedure will not improve the results in comparison with the model discussed above (see columns 4, 5 of Table 4 and  column 2 of Table 5 ). This shows the presence of at least one additional vibrational state which strongly perturbs the (300) one. To make the picture of this resonance interaction clearer, the following preliminary consideration is important. As the rough calculations of the band centers discussed above showed, the (230) band may be considered as a vibrational state which strongly perturbs the [J, K a = 2, K c = J − 2] (300) states. Finally, the [J, K a = 5, K c = J − 5] (300) states were also added, and the fit of all "experimental" energies of the (300) state was made with the Hamiltonian [1]- [5] , which took into account three interacting vibrational states. A total of 222 energies were fitted with the 16 parameters. They are presented in columns 6, 7, and 8 of Table 4 and column 3 of Table 5 .
We believe that the sets of parameters determined in the present study from the fit of experimental data are physically meaningful because (1) they reproduce the initial experimental data with the accuracies closed to experimental uncertainties (see columns 4 of Tables 1 and 3); (2) the sets of spectroscopic parameters of the (200) and (300) vibrational states determined from the fit are well correlated with the sets of corresponding parameters of the relative states (000) and (100) from Ref. (1) .
